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ABSTRACT
Flaring episodes from Crab Nebula have been observed. A new mechanism of emission
is explored. Particles in Crab pulsar are accelerated to multiple Tev energies, by some
mechanisms, described in the paper and they are the reason of observed emission.
We argue, that after accelerating to high energies, they may maintain the force-free
regime - moving along the magnetic field lines in such a way that no force acts on
them. This way, they can move to the Nebula without loss, which makes Tev energy
emission from Crab Nebula quite possible.
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1 INTRODUCTION
There has been very interesting observations made lately
about the high energy emission from the Crab Nebula (1).
Inverse-Compton mechanism for low-energy particles and
synchrotron radiation mechanism for relativistic particles
have been considered as the explaining mechanisms for the
observed emission. It has already been shown, that parti-
cles are able to gain their energies up to 100s of Tev, or
even Pev orders (7). As the Crab pulsar is considered as the
energy source of the Crab Nebula emission (10), it is very
interesting to understand the whole process of the particle
motion.
To begin with, we are going to consider the possible
mechanisms, which can explain the particle acceleration in
Crab pulsar. This process, as mentioned above, should be-
come the beginning of the process, which will, in the end,
result in radiation from Nebula. Next, we will try to describe
particle motion through Nebula.
We argue, that in some special cases, these high energy
particles can leave the light cylinder and enter the Nebula
being on force-free regime. These regime can be maintained
by the particles moving on Archimedes spirals (9). This very
special case, is needed to explain, why particles accelerated
in Crab pulsar, emit from the Nebula the same amount of
energy as they posses in pulsar surroundings.
To understand the phenomenon thoroughly, it is also
very important to understand the emission mechanism from
the Nebula. Despite the huge amount of theoretical studies
in this field, there is no wholly accepted mechanism explain-
ing the high energy emission from Crab Nebula.
In the first section we will discuss the possible parti-
cle acceleration mechanisms in Crab Pulsar. In this section
we are going to estimate the energies particles can main-
tain, considering several models explaining the maintained
energies. Next we will estimate the approximate radiated
energy and finally we will consider, that particles move on
Archimedes spirals and discuss the possible radiation from
Crab Nebula, considering aforementioned factors.
2 PARTICLE ACCELERATION IN PULSAR
We consider, particles moving in force-free regime, spend
their energy supply in the Nebula. Energy transfer from
pulsar to the Nebula has already been studied before (5).
We argue, that a few amount of particles with Tev energy,
enter the vicinity of Nebula without any loss and radiate
there. This consideration quite well explains the observed
spectrum of the Crab Nebula (3). Crab Nebula radiation
spectrum maximum is at gamma range. But, for our suppo-
sition, very interesting part of the spectrum begins at 102
Mev, when the spectrum curve starts to grow and picks the
maximum at Tev energy.
It has been shown, that pulsar rotational energy could
be converted into the energy of Langmuir waves (6). And, as
the electromagnetic waves do not damp on particles, which
is the result of phase velocity of perturbations having higher
velocity, than the speed of light, they create plasmon con-
densate, which reaches the Crab Nebula, without any loss.
The strength of the wave field as a number, was in-
troduced in 1971 (4) as dimensionless Lorentz invariant pa-
rameter Z = eEλ
mc2
. Where, e and m are the charge and the
mass of electron, E is the electric field magnitude, λ is the
wavelength and c is the speed of light. It was suggested,
that in the center of Crab pulsar magnetosphere, strength
of the wave field is very low (Z << 1), but it takes it’s much
higher quantity in the vicinity of light cylinder (Z >> 1).
In the same year synchro-Compton mechanism of radiation
was suggested (8). As the electric and magnetic fields be-
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come linearly dependent on the distance, thus strength of
the wave field Z − r−1. Debye radius of the relativistic elec-
tron is RD =
cγ
ωB
. Electron travels the distance along the
magnetic field line RE =
RE
γ =
c
ωB
. And thus, for the wave
length λ = cω >> RE . Which makes wave magnetic field ho-
mogeneous. Dipole emission generates far from the magnetic
dipole. So the emission may occur outside of the magneto-
sphere, in the vicinity of light cylinder.
It quite well explained, gamma and x-ray radiation.
Still, these aforementioned mechanisms could not explain,
the reason, why is the maximum of Tev radiation, lower
than the maximum of Gev radiation in Crab Nebula radia-
tion spectrum.
In 1975 Cocke (2), suggested, that particles, moving
along the curved field lines and radiating high energies, could
not be accelerated to sufficiently (γ = 4 ∗ 106) in Crab pul-
sar magnetosphere. This consideration came into agreement
with a bit earlier work done by Tademaru (11). Thus, the
logical scenario, for the particles, was to accelerate to such
energies in Crab Nebula. To sum up their work, it was be-
lieved, that high energy radiation of particles, while motion
on curved magnetic field trajectories, could be maintained
(100Kev), in a case, where particles have Tev range energy.
It was suggested, that such high energies could not be main-
tained in the magnetosphere. This suggestion makes it pos-
sible, that particle in Crab Nebula have energies up to Pev
range. Aforementioned synchro-Compton mechanism of ra-
diation could possibly lead to such scenario.
According to (7) a very big amount of low Lorentz factor
particles in the bulk of e-p plasma, are responsible to pro-
duce Langmuir waves. The distribution function can be seen
on Fig 3. It shows, that the amount of high Lorentz factor
particles is much less than the amount of low Lorentz factor
particles. Thus, Langmuir waves, which are produced by low
energy particles, are later Landau damped on electron beam
particles, which have very high Lorentz factors.
Reason of beam particles having high energies and thus,
Langmuir waves damping on beam particles is easy to un-
derstand, as dispersion of electrostatic waves in relativistic
e-p plasma is allowed in a limit, when phase speed of the
wave approaches the speed of light vph = c. According to
(Lominadze) dispersion relation is
ω = kc − β(k − k0) (1)
In a case, where phase velocity and the speed of light are
the same, β approaches to zero. Which, on the other hand
means, that Lorentz factor needs to be as high as possible.
This is the reason, why Langmuir waves are damped on high
Lorentz factor beam particles.
It is believed, that energy of a beam electron can get as
very high 100s of Tevs or higher (7). Particles moving along
the magnetic field lines gain energy provided by reaction
force, with radial and azimuthal components given by (9)
Fr = − Φ√
1 + Φ2
F (2)
Fφ =
Φ√
1 + Φ2
F (3)
Figure 1. As it is shown on the figure, low Lorentz factor e-p
plasma particles are much more, than the bulk particles, with
much higher Lorentz factors
Where, F is reaction force and Φ is defined as
Φ = rφ′(r) (4)
with φ being curve, that particle moves along. For the
particles energies gained by reaction force
E =
n1Freacδr
nGJ
(5)
After estimations, using parameters near light cylinder
nGJ = 2 ∗ 107cm−3 and n1 = 2.5 ∗ 1011cm−3 particles energy
needs to be 100s of Tev.
3 FORCE-FREE REGIME
After estimating the energy of the particles accelerated in
Crab pulsar, we shall consider the energy particles possess,
at the edge of the Crab Nebula. We will consider a case, in
which particles move long the Archimedes spirals, meaning
that curved trajectory of the particles is
φ(r) = −ar (6)
with a being constant. It is shown, that in the limit of large
distance from the rotator, the velocity of the particles be-
comes constant. Which, on the other hand, means, that par-
ticles are on force-free regime.
It is truly very important, that particles maintain force-
free regime. In our consideration, force-free regime is the key
for particle energies to remain constant during the process
of leaving the pulsar and entering the Nebula.
This assumption, gives us the reason to think, that if the
particles move on the curves like Archimedes spirals, they
can maintain force-free regime and leave the outer parts of
the Crab Nebula without any loss in their energy. This way
of thinking makes it quite possible, that the energy of the
particles from the observed high energy - Tev emissions, are
gained in the vicinity of the Crab Pulsar and emitted from
the outer parts of the Crab Nebula, without any loss.
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Figure 2. Taking into account the input and the output frequen-
cies of the incident photon on the electron, we evaluated the angle
on the reflected photon. The graph shows, that for ν = 102 and
the observed output frequency ν′ = 105 the range of the angle
θ′ between reflected photon and the electron seemed to be very
little.
4 POSSIBLE RADIATION MECHANISMS
Previously experienced flaring episodes coming from Crab
Nebula, are believed to be explained by the Inverse-Compton
mechanism (Aliu, 2014). Two weeks lasting flaring episode
from the Crab Nebula first was detected in 2013. At
this point, it was concluded, that synchrotron emission of
relativistic electrons was mechanism explaining the phe-
nomenon, but for higher energies, it was considered to be
explained by the inverse-Compton upscattering mechanism.
But the cause of the flares still remained unexplained by
any mechanism. First, we want to examine, inverse-Compton
mechanism for the data made by observations. And we will
start with considering an inverse-Compton upscattering pro-
cess, with output frequencies
ν′ = ν
1 + vc cos θ
1 − vc cos θ ′ + hνγmc2 (1 − cos θ − cos θ ′)
(7)
where ν′ is the output frequency, θ is the angle between
incident photon and electron and θ ′ is the angle between
reflected photon and the electron.
Equation (7) constains Klein-Nishina term
hν
γmc2
(1 − cos θ − cos θ ′), which become important only
when
hν
γmc2
>> 1 (8)
Which means, that mass of the electron is much less
than the mass of the photon. If this condition is true, pho-
ton scattering won’t take place in plasma. Thus, we can
disregard Klein-Nishina term.
We consider, that output frequency corresponds to Tev
energies. Assuming, that the process is explained by the
inverse-Compton upscattering mechanism we tried to eval-
uate the range of possible angles Thus for ν = 102 and the
observed output frequency ν′ = 105 the range of the angle θ ′
between reflected photon and the electron seemed to be very
little. Which led us to conclude, that probability of the mech-
anism explaining the phenomenon, being inverse-Compton
Figure 3. We checked how the incident and reflecting angles θ′
and θ were depended on each other. the graph shows, that the
incident and the reflecting photon angles have very little ranges.
Which means, that the incident and the reflecting photon should
almost be aligned. This also proves, that Inverse-Compton up-
scattering mechanism has very little probability
upscattering is very little. To go further, we checked how
the incident and reflecting angles θ ′ and θ were depended
on each other. This also proves, that Inverse-Compton up-
scattering mechanism has very little probability. To make it
more clear, we think, that observed flaring episodes of Crab
Nebula, can be explained with inverse-Compton upscatter-
ing mechanism. Only it has very little probability, which can
easily be calculated from the assumptions and calculations
we have made.
Due to very high energies of the particles Inverse-
Compton mechanism is defines by Klein-Nishina regime.
Klein-Nishina time-scale of the process tKN = E/PKN . Us-
ing the fact, that particle energy Ep = 100Tev, derived time-
scale will exceed the typical time-scale by many orders.
DISCUSSION
We have considered a few models of particle acceleration
in Crab pulsar. Landau damping of Langmuir waves can
explain particles having such high energies. The crucial part
of the phenomenon involves force-free regime. We argue, that
high energy particle are able to enter the Nebula without
any loss in their energetic supply, that can be maintained by
moving on special curves. In the later sections we discussed
the possibility of Inverse-Compton up-scattering mechanism
in Crab pulsar.
We have also considered radiation mechanisms, which
accelerate particles up to Tev energies and these particles
then maintain force-free regime.
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